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RESEARCH MEMORANDUM

ATTTTUDE EVALUATION OF SEVERAT, AFTERBURNER DESIGN VARIABLES
ON A J4T7-GE-1T7 TURBOJET ENGINE

By Willis M. Braithwaite, Curtis L. Walker,
and Joseph N. Sivo

SUMMARY

An investigetion was conducted in an NACA altitude chamber to
evaluate the affectiveness of turbine-outlet gas-straightening vanes
and vortex gemerators, fuel distribution modifications, and after-
burner shell cooling as means of improving esfterburner performance.
Installation of the turbine-outlet gas-straightening vanes and vortex
generators resulted in a lower total-pressure loss through the after-
burner and en altered alr-flow profile at the efterburner inlet.
Therefore, 1t was necessary to modify the fuel distribution to provide
8 good fuel-air enviromment at the flame holder. Another result of
the instellation of the turbine-outlet gas-straightening vanes and
vortex generators was the reduction of the efterburner shell temper-
ature by approximately 100° R. An additionasl 100° R reduction in the
efterburner shell tempereture was obtained with a ceramic-costed
corrugated liner.

The best afterburner configuration of this investigation incorpo-
rated the turbine-outlet gas-straightening vanes and vortex generators,
the ceramic-coated corrugeted liner, and a fuel distribution that
provided a good fuel-air enviromment at the flame holder. This config-
uration had higher afterburner combustion efficiencies than the orig-
ingl configurstion, end the altitude limit was in excess of 54,000
feet. At low altitudes, the operation of this configuration war not
limited by efterburner shell tempsratures.

INTRODUCTION

Current and proposed military aircraft require thrust in addition
to normel engine thrust for taeke-off, climb, end high speed at high
altitudes. Usling an sfterburner is one method of meeting these require-
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ments for additionsl thrust. Accordingly, the NACA is actively con-
ducting several related afterburner programs.

The investigation reported hereln presents information on design
factors and modifications of the production afterburner for the
J47-GE-17 turbojet englne designed for medium temperature operation.
The present report 1s concerned only with the afterburner performance
and operating characteristics. Altitude-starting characteristics of '
two of the configurations in this report are discussed in reference 1.
This investigation was conducted with an engine equipped with a
varisble-ares exhaust nozzle snd operated oV¥er a range of simulated
flight conditions in a lO-foot-diameter altitude test chamber &t the
NACA Lewls laboratory.

The initial configuration was developed by the manufacturer from a
previous production afterburner by incorporating design modifications
indicated by investigations reported in references 2 to 5. In the
present investigation, attention was focused on three primery factors
in order to improve the performance asnd operating limits: (1) turbine-
outlet ges whirl, (2) matching of the fuel distribution with the mass-
flow distribution of the turbine gases, and (3} afterburner shell
cooling. Previous investigations (ref. 6} indicate that turbine-outlet
gas whirl can have a detrimental effect on the performance cheracter-
istics of the afterburmer. Accordingly, the effect of turbine-outlet
gas-straightening vanes and vortex generators on performence Wwas

oveluated in this investigation. Several fuel-spray-bar configurations

were also evaluated in order to provide satisfactory matching of the
fuel distribution with the mass-flow distribution. It was desirable to
evaluate methods of afterburner shell cooling, since meximum thrust can
be 1limited by afterburner shell temperatures. Two methods of cooling
the afterburner shell were investigated: (1) the incorporation of a
method of fuel distribution that provided & lean fuel-alr mixture near
the outer shell and (2) installation of a ceramic-coated corrugated
liner in the burner section. —

The performance with these modifications incorporated is presented
over & range of altitudes up to 50,000 feet. Data are presented in
tebular and graphical form to show the effects on afterburner perform-
ance of turbine-outlet gas-straightening venes and vortex generators,
fuel distribution, end a ceramic-coated corrugeted liner and to
illustrate the effect of variations in flight conditions on one of the
best afterburner configurations.
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APPARATUS AND INSTRUMENTATION
Instaellation

The engine was Installed in an altitude chamber that is 10 feet in
diemeter and 60 feet long (fig. 1). A honeycomb installed in the
chamber upstresm of the test section straightened and smoothed the flow
of the inlet air. A forward bulkhead, which incorporsted & labyrinth
seal around the forward end of the engine, separated the engine-inlet
alr from the exhaust and provided a means of melintaining a pressure
difference across the engine. A l4-inch butterfly valve in the forward
bulkhead provided cooling air for the engine compertment, and a rear
bulkhead prevented recirculation of exhaust gases about the engline.

The exhaust gas from the Jet nozzle was discharged into an exhaust dif-
fuser to recover some of the kinetic energy of the Jjet and thus to ex-
tend the capacity of the exhaust system. The combustion in the after-
burner was observed through a periscope located directly behind the
engine.

Engine

A J4T7-GE-1T7 afterburning turbojet engine was used in this inves-
tigation. The engine has a static sea-level thrust rating of 5420
pounds without afterburning et the rated engine speed of 7950 rpm and a
turbine-discharge temperature of 1760° R for an lnlet alr temperature
of 519° R. At this operating condition, the air flow is 104 pounds per
second. The over-all length of the engine and afterburner is approx-
imately 228 inches, and the maximum diameter is 41 inches. The dry
weight of the engine and afterburner, including the slectronic control
and airframe mounted components, is 3553 pounds. The electronic control
(described in ref. 1) controls the engine speed by regulating engine
fuel flow and controls the turbilne-outlet temperature by regulating the
exhgust-nozzle area.

Afterburner Assembly

A disgram of the afterburner &ssembly is shown in figure 2. The
following were common to all configurations: conical diffuser, two-
ring V flame holder mounted by struts from the inner body, converging
conlical burning section, and variable-ares clamshell exhaust nozzle.
The conical inner body, mounted from the outer shell by four tubular
rods, contained the fuel manifolds and a depressed flame seat in the
downstream end. Fuel was supplied to the afterburner by an sir-turbine
fuel pump driven by compressor bleed air.
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Modifications to the afterburner, which were incorporated in six
configurations, are listed in table I. The fuel-distribution patterns
and spray-bar designs are presgented in figure 3. A photograph of the
turbine-outlet gas-straightening venes and vortex generators is shown
in figure 4. The ceramic-coated corrugated liner is shown installed in
the afterburner sectlon in figure 5. The ceramic used was Natlional
Bureau of Standerds number A418, primarily composed of chromium oxide.

The six configurations are grouped as to purposes of the modifica-
tions. The first group of modificetions was selected to show the effect
of straightening veanes on engine and afterburner performance. This
group included the manufacturer's original configuration A and config-
uration B, which was made by incorporating in configuration A straight-
ening vanes and vortex generators at the turbine outlet and a 4-inch
shorter fuel mixing length (the radiasl fuel distribution was equivalent
to that of configuration A). The shorter fuel mixing length was a
result of moving the spray bars downstream of the inner-cone supporting
gtruts to allow equidistant circumferential spacing of the bars.

The second group of configurations was sBelected to 1llustrate the
effect of modified fuel distribution. These configurations were geo-
metrically simllar, all having straightening vanes, vortex generators,
and corrugeted liners. Configuration C had a radisl fuel distribution
equivalent to the original configuretion A. In configurastions D and R,
the fuel distribution was modified to compensate for the shift in mass-
flow proflle caused by the installation of the straightening venes and
vortex generators. This modification was based on the total-pressure
profile at the diffuser outlet. The spray bar for configuration D had’
equally spaced holes of vaeried diasmeters, while the bar for configura-
tion E had varied spacing of equally sized holes. The bar for config-
uration E, designed by the manufacturer, was a unilorifice bar with a
metering orifice at the inlet to the bar that permitted the use of
larger spray holes to prevent plugging by foreign material in the fuel.

The third group of modifications was selected to evaluate several
methods of cooling the outer shell. Configurations A, B, C, and F are
compared. Configuration A was the originsl configuration already de-
scribed. Configuration F had a fuel distribution thet was lean near the
outer shell but was otherwise the same as configuration A. Configura-
tion B differed from configuration A in thet turbine-outlet ge8-
straightening vanes and vortex generators were added, and configuration
gidiffered from configuration B only by the addition of the corrugated

ner.

Instrumentation

Engine-inlet alr flow was determined by pressure and temperature
measurements at the compressor inlet (station 1, fig. 6(a)). Instrumen-
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tation measured the engine midframe air bleed, which was subtracted
from the engine-inlet air flow in order to obtain the afterburner air

flow. Turbine-outlet temperature was calculated from engine performance,

and turbine-outlet temperature for the electronic control was deter-
mined by averaging the engine manufacturer's eight thermocouples. The
angle of whirl of the gas flow was measured at the diffuser outlet by
means of a rotateble rake (fig. 6(b)). Twenty-five thermocouples
attached to the afterburner shell measured temperatures at station 8,

located 79§ inches downstreem of the turbine-outlet flange (f£ig. 6(c)).
Total pressures at the exhaust-nozzle inlet were obtained with e water-
cooled survey rake (fig. 6(d)), and ambient pressure in the region of
the exhsust-nozzle outlet was determined by static-pressure probes in
the plane of the exhaust nozzle. Engine and afterburner fuel flows
were measured by calibrated rotameters. The fuel used in this inves-
tigetlion was MIL-F-5624A grade JP-4.

PROCEDURE

The inlet and exhaust conditions for these tests were determined
by the altitude and flight Mach number according to RACA standard
atmosphere; 100-percent ram pressure recovery was assumed. Afterburner
performance data were obtained over a range of altitudes from 15,000
to 50,000 feet at a flight Mach number of 0.6 and & range of flight
Mach numbers from 0.4 to 1.0 at an altitude of 30,000 feet. For each
flight condition, data were obtained at raeted engine speed and turbine-
outlet temperature as maintained by the electronic integral control for
a range of fuel-sir ratios.

The range of fuel-ailr ratios at each flight condition represents,
in general, the praectical opersting range for the afterburner. The
rich operating limit was determined by afterburner shell temperature
limit (2010° R) or by meximum nozzle opening. It should be noted that,
with the electronic control, ezhaust-nozzle ares is a function of
exhaust-gas temperature. Therefore, maximum nozzle opening was elther
the physical limit of the nozzle or the area obtained with maximum
temperature for those configurations that reached & point of decreasing
temperature with increasing fuel flow. The lean 1limit of operation
was indicated by unsteady (oscillatory) combustion in the afterburner
or blow-out of the flame. Over the range of conditions investigeted
(turbine-outlet pressures up to 2950 1b/sq ft with fuel-sir ratios
up to 0.04), this unsteady combustion at the lean limit was the only
oscillatory combustion phenomenon encountered. No significant sltitude
limits were obtained for these configurations beceuse of limitetions of
the altitude exhaust facilities. For afterburning conditions, the fac-
11ity was limited to about 54,000 feet, which corresponds to & turbine-
outlet total pressure of about 580 pounds per square foot.

(L ...
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The Jet thrust produced by the engine and afterburner wes measured
by a self-belancing null-type pneumetic thrust cell. A sketch of the
linkage from the engine to the thrust cell is presented in figure 1(b).
The symbols and methods of calculation are presented in the eppendix.

RESULTS AND DISCUSSION

The results of this investigation are discussed in relation to the
three factors considered for improving the afterburner performance;
that 1is, (1) reduction of whirl in the turbine-outlet gas, (2) metching
of the fuel distribution with the mass-flow distribution, and (3) cool-
ing of the afterburner shell. The altitude performance data are pre-
sented in tabular form in teble IT and in graphicel form in figures 7
to 17.

Effects of Turbine-Outlet Gas-Straightening Vanes and
Vortex (Generators on Afterburner Performence

The performance of an afterburning engine may be detrimentally
affected by high angle of whirl of the turbine-outlet gases (ref. 6).
The addition of a whirl velocity produces high resultant veloclties
that meke burning more difficult. Furthermore, a high angle of whirl
produces high total-pressure losses Iin the burner thet are perticularly
noticeable during nonafterburning operation. Whirl logses are less
pronounced during combustion, probably because the high level of tur-
bulence during combustion reduces the whirl component of the flow.

Since whirl angle increases with diffusion (ref. 7), measurements
of the whirl were made at the diffuser outlet to cobtain the maximum
angle and the results are presented In figure 7. The method of obtain-
ing this curve is the same as used in reference 6. The direction of
whirl was opposite to turbine rotation, as %ndicated by the negative
angles on fTigure 7, and was greater than 30  over most of the passage.
The installation of the turbine-outlet gas-straightening venes and
vortex generators, designed by the menufacturer to reduce the whirl
angle and to provide a uniform veloclty profile, resulted in only 10°
whirl in the same counterrotationsal direction.

Effect on afterburner-inlet temperature and pressure profiles. -
Installation of the turbine-outlet gas-straightening vanes and vortex
generetors caused a shift Iln afterburner-inlet temperature profile in
relation to the control thermocouple. After the venes and vortex gen-
erators were installed, the average burner-inlet gas temperature weas
from 40° to 700 R lower for the same indicated control temperature.
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This effect can be seen by inspection of dsta from teble IT. The
setting of turbine-outlet temperature with the manufacturer's instru-
mentation resulted in operation at & lower turbine-outlet tempersture
and resulting lower nonafterburning thrusts for the configurations
having straightening venes and vortex generators.

Another effect of the stralghtening vanes and vortex generators
was & slightly more uniform total-pressure distribution (fig. 8) at the
diffuser-outlet (station 6). This trend in total-pressure profilie
indicates more nearly uniform maess-flow and velocity distribution of
the combustion gases. However, a comparison of the pressure levels on
figure 8 is invalid because of the different temperature levels.

Effect on internal performance. - A comparison of the total-
pressure-~loss ratios before and after the straightening vanes and
vortex generators were installed is presented in figure 9. In the
configuration with vanes and vortex generators (configuration B), the
turbine-outlet total-pressure measurements were mede downstream of the
vanes. Therefore, the total-pressure loss through the straightening
vanes and vortex generators was not included in the pressure-loss ratio,
defined as the ratlo of the total-pressure loss through the burner to
the burner-inlet total pressure. The pressure-loss ratio through the
venes and vortex generators was determined to be approximetely 0.025 at
30,000 feet and 0.035 at 50,000 feet from the engine pumping character-
istics. This value has been added to the data on figure 9 for config-
uration B, and the combined pressure loss i1s shown by the deshed curve.
Thus the installation of the straightening venes and vortex generators
reduced the over-all pressure-loss ratio by 0.02 to 0.0l, the greater
reduction occurring et low fuel-air ratios where the whirl is believed
to have been grester.

The sfterburner combustion efficiencies before (configuration A)
and after (configuration B) straightening vanes and vortex generators
were installed ere compared in figure 10(a). For the range of fuel-air
ratios investigeted there was no apprecieble difference in combustion
efficlency at 30,000 feet, while at 50,000 feet the configuration with
vanes and vortex generators had lower combustion efficiency. This loss
in efficiency with vanes was due to a poor fuel-air distribution. The
fuel distribution was designed for the mass-flow profile that existed
before the vanes were installed. Following installstion of the vanes,
this mass-flow profile was modified, but the fuel distribution remained
the same and resulted in & different fuel-air ratio profile.

The decrease in combustion efficiency for configuration B at 50, 000
feet resulted in lower exhaust-gas temperatures (fig. 10(b)). The lower
turbine-outlet temperatures also contributed to the decrease in after-
burner exhaust-gas temperature.

ARy
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Effect on over-all performance. - As previously noted, the effect
of the straightening venes and vortex generators was to reduce the
afterburner pressure loss, and an increase in thrust would be expected. « 7
However, because of the difference in turbine-outlet conditlons in this
investigation, the increase in thrust was not realized and the augmented
Jet thrust ratio waes the only valid basis for thrust comparison. (The
nonafterburning Jet thrust waes calculated for each polnt with the
turbine-outlet conditlons obtained at that polnt and with the pressurse
drop assumed through & standard tail pipe as explained in the appendix.)
The augmented jet thrust ratios are presented in figure 10(c). At
30,000 feet, where combustion efficiency wes essentially the same,
installation of the stralghtening vanes and vortex generators resulted
in an increased Jet thrust retio of about 0.03. At 50,000 feet, how-
ever, the reduction in combustion efficiency countered the reduction
in afterburner pressure loss, and an increase of only 0.0l was observed
in jet thrust ratio. -

Lge2

Net thrust specific fuel consumption, presented in figure 10(d),
is affected by the tail-pipe pressure loss, turblne-outlet gas temper-
ature, and combustion efficiency. At 30,000 feet, combustion efficiency
was unaffected by the turbine-ocutlet gas-straightening vanes, and the
reduced tail-pipe pressure loss should have resulted in decreased specific
fuel consumption. However, the lack of lmprovement illustrates the fact
that the coantrol should be rescheduled to give the same engine operating
conditions after the temperature profile shift due to the installation
of the straightening vanes. Also, the shift in mass-flow profile due to
the addition of the vanes required an alteration to the fuel distribution
to prevent & decrease in combustion efficiency at 50,000 feet. The cT
results of modifying the fuel distribution after straightening vanes
and vortex generators were installed are discussed in the following
section.

Effect of Fuel Distribution on Performsnce

The installation of the turbine-outlet streightening venes and
vortex generators resulted in a loss 1in combustion efficiency that
was attributed to a poor fuel-air distribution. Before alteratlon of
the fuel system, a ceramic-coated corrugated liner was installed, the
effects of which will be discussed later. Conflgurations C, D, and E
differed only in fuel distribution.

A comparison of the combustion efficiency of configuration C,
which had a fuel distribution equivalent to the original configuration
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A, and configuration D, which had a fuel distribution designed to match
the mess-flow profile, is presented in figure 11(a). The pesk effi-
ciency of configuration D occurred at higher fuel-air ratios than it
did for configuration C. Also, configuration D had sbout 0.11 higher
combustion efficiency than configuration C at 50,000 feet. For
example, at 50,000 feet, combustion efficiency for configuration D

had a peak value of 0.82 at a fuel-alr ratioc of 0.037 and was about
0.70 at a fuel-air ratio of 0.06.

The exhaust-gas temperature (fig. 11(b)) and net thrust ratio
(fig. 11(c)) were higher for configuration D above & fuel-air ratio
of 0.035 at 30,000 and 40,000 feet and higher at all fuel-alr ratios
investigated at 50,000 feet. Net thrust specific fuel consumption
(fig. 11(d)) was lower for configuration D sbove a fuel-air ratio of
0.035 at 30,000 and 40,000 feet and lower at all fuel-air ratios inves-
tigated at 50,000 feet. The redesigned fuel distribution provided an
improvement in combustion efficlency at fuel-alr ratios in excess of
0.035 and, hence, in over-all sfterburner performance.

Comparison of configurations D and E (figs. 11(a) to (c)) shows
that the use of equel-dliameter spray holes with various spacing
(configuration E) resulted in about the same performance as with
various-diameter spray holes with equal spacing (configuration D).
Furthermore, the use of a metering orifice at the inlet to the spray
bar did not affect performance.

Afterburner Shell Cooling

A meximum temperature limit of 2010° R for the afterburner shell
vas imposed by the structural strength requirements of the afterburner.
The shell temperature of an afterburner 1s a function of the exhaust-
gas temperature and the burner pressurse (gas density). It was found
that with a rich fuel-air mixture the original configuration A was
limited at 30,000 feet and below by meximum shell temperature. There-
fore, to permit higher exhsust-gms temperatures at low altitudes,
methods of cooling the afterburner shell were investigated.

Reduction in turbine-outlet whirl. - A reduction in the temperature
of the afterburner shell of from 80° to 120° R resulted from the
installation of the straightening vanes and vortex generators (fig. 12)
at an exhaust-gas temperature of 3100° R and altitudes of 30,000 and
50,000 feet. The larger reduction occurred at the lower altitude,
where shell cooling was more critical. The data further Indicate
that the reduction would have been greater at higher fuel-sair ratios.
This decrease in shell temperature with the instellation of stralghten-
ing vanes was due to two factors. The decrease in whirl reduced the
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tendency for the fuel to centrifuge toward the outer shell end also
probably increased the thickness of the boundary layer at the outer
shell.

Fuel distribution moved away from shell. - A previous investigation
(ref. 5) showed that shell temperatures could be lowered by modifying
the fuel distribution to reduce the amount of burning near the shell.
Configuration F incorporates such a modification, as shown by a com-
parison of figures 3(a) and (e). This modification reduced the shell
temperature approximately 30° at 30,000 feet (fig. 12). However, it
lowered the altitude limit from over 54,000 feet for configuration A
to 50,000 feet for configuration F at a flight Mach number of 0.6.

Ceremic-cogted corrugated llner. ~ Configuration C incorporated &
ceramic-coated corrugated liner instaelled in the afterburner in addition
to the stralghtening venes and vortex generetors. Over the range of
exheust-gas temperatures lnvestigated, the combination of straeightening
vanes and liner reduced the temperature 200° to 300° R. TFor configura-
tion C an incresse in exhaust-gas temperasture from 2800° to 3300° R
at 30,000 feet (fig. 12(b}) resulted in only 50° R increase in shell
temperature. The combinastion of straightening vanes and liner was the
most effective means of reducing shell temperatures investigated and
was equivalent to the use of aspproximately 8 percent of engine air flow
for cooling air in a conventional convective cooling system.

The coating used on the liner was a Buresu of Standards number
A418 ceramic. After approximstely 33 hours of afterburning, the
coating and liner showed no evidence of deteriloratiom.

A comparison of the shell temperetures for the three configuratlions
(A, B, and C) over a range of turbine-outlet pressures with an exhaust-
gas temperature of 3L00° R is presented in figure 13. The temperature
for the original configuration A increased with increasing pressures,
while that for configuration C (liner plus straightening vanes and
vortex generators) was essentially constant. This Pigure illustrates
the greater effectiveness of the vanes and liner at low altitudes
(high burner pressures), where shell temperatures were found to be
critical on the original configuration.

Performaence of Final Configuration
Performance data are presented for configuration D over a range

of altitudes from 15,000 to 50,000 feet at a flight Mach number of
0.6, and for flight Mach numbers of 0.4 and 0.8 at an altitude of 30,000

1ee2
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feet. This configuration was used for evaluetion beceuse it had per-
formance and operating and cooling characteristics equivalent or
superior to any of the other configurations.

Effect of altitude and flight Mach number veristions. - For sa
given afterburner fuel-alr ratio, increasing the gltitude at a constant
flight Mach number tended to lower the combustion efficlency, exhaust-
ges temperature, and augmented net thrust ratio (fig. 14). The peak
combustion efficiency decreased from 96 percent for an sfterburner
fuel-air ratio of 0.02T7 at 15,000 feet to 82 percent for a fuel-ailr
retio of 0.037 at 50,000 feet. The corresponding exhaust-gas temper-
atures were 2960° and 2880° R. For a conmstent fuel-air ratio
of 0.03, the temperature decressed from 2960° R at 15,000 fest to
2710° R at 50,000 feet, while the combustion efficiency decreased from
96 to T6 percent. For a wlde-open exhaust nozzle, the exhaust-ges
temperature decreased from 3550° R at 30,000 fest at & fuel-alr ratio
of O 056 (high temperature date were not obtained at 15,000 £t) to
3380° R at 50,000 feet at a fuel-ailr ratio of 0.081. This decrease
resulted in a decrease 1in sugmented net thrust ratioc from 1.6 to 1.52.

The net thrust specific fuel consumption decreased as the altitude
increased up to an altitude between 30,000 and 40,000 feet. A further
Increase in altitude resulted in an increase in specific fuel consump-
tion. This decrease was due to the increasing engine cycle efficiency
with the decreasing compressor-inlet temperature as the altitude
increased until the tropopause (35,000 ft) was reached, which more than
compensated for the decrease in combustion efficliency. Above the
tropopause, the temperature remained constant, and the decreasing
combustion efficiency caused an Increase In specific fuel comnsumption.

The effect of varying flight Mach number at an altitude of 30,000
feet 1s presented in figure 15. A decrease in flight Mach number
affected the afterburner combustion efficiency (fig. 15(a)) end the
exhaust-gas temperature (fig. 15(b)) in the same manner as did an
increase in altitude; that is, combustion efficiency and exhaust-gas
temperature decreased with decreasing Mach number for a given after-
burner fuel-air ratio. However, since the range of flight Mach num-
bers was small (0.8 to 0.4), the effect was slight. The augmented
net thrust ratio (fig. 15(c)) decreased with decreasing Mach =umber,
but the net thrust specific fuel consumption (fig. 15(d)) increased as
8 result of the decreasing combustion efficiency.

Afterburner combustion efficiency as a function of turbine-outlet
total pressure 1is presented in figure 16 for afterburner fuel-air
ratios of 0.025, 0.035, 0.045, and 0.055. At the low fuel-air ratio,
the efficiency decreased rapldly with decreasing pressure, but decreas-
ing pressure affected the efficlency less at the higher fuel-air ratios.

¢ CoT T
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Thrust Generalization

A method of generalizing Jet thrust for a turboJjet engine has been
developed in reference 8. The basis of this method 1s that the Jet
thrust is a function of the flow through & nozzle and mey, therefore, be
described in terms of the nozzle~inlet total pressure, the amblent static
pressure, and the throat ares of the nozzle. If the experimentally
determined Jjet thrust 1s adJusted for nozzle ares variation, it will
generalize when plotted against (1.25P, - po). This method of general~
ization provides & callbration that may be used in determining turbojet
engine Jjet thrust in a flight installation for take-off and flight con-
ditions.

This method of generslizing Jet thrust has been used for the dats
of configuration D (fig. 17). The factor used to adjust the jet thrust
for area variations of the variesble-area nozzle, which is presented in
figure 17(b), 1s the ratio of Jet thrust to Jet thrust for maximum
nozzle aree as & function of the ratlio of actual nozzle erea to meximum
nozzle area. Thereforse, the jet thrust presented in figure 17(a) is
the Jet thrust obtaingble with the maximum nozzle area.

The generallized thrust curve may be used to obtain the Jet thrust
for a given flight condition and afterburner fuel-alr retlo. The values
of the exhsust-nozzle-inlet total pressure and ambient static pressure
may be obtained from the flight eonditions and the engine characteris-
tics. With these data, the Jet thrust for meximum nozzle area can be
obtalned. The exhaust-nozzle eres for a given afterburner fuel-air
ratlo can be obtalned from figure 17(0), end from this the ratio of
Jet thrust at the given exhaust-nozzle ares to the jet thrust at max-
imum nozzle area can be obtained. A numerical example of this cal-
culation is glven 1n the appendix.

CONCLUDING REMARKS

An investilgation of the J4T7-GE-17 afterburning engine showed that
the ingtalletion of turblne-outlet gaes-stralightenlng vanes and vortex
generators reduced the counterrotational whirl by approximately 20°.
This change modified the burner-inlet (turbine-outlet) total-tempera-
ture profile so that the calculated average turbine-outlet gas temper-~
ature was from 40° to 70° R lower for the same indiceted control tem~
perature. This decresse in turbine-outlet temperature resulted in
lower thrust for the same afterburner fuel-asir ratio. However, the
total-pressure-loss ratio was reduced by 0.01 to 0.02, and the augmented
Jet thrust ratio was lncreased by 0.01 to 0.03. Becsuse of
a change in totel-pressure profile and thus a change in mass-
flow profile with the same fuel distributlon, the fuel-air distribution

lliilﬂllllﬂﬁliw:’ ¢
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gt the fleme holder was not as suitable with the vanes and vortex gen-
erators, and the combustion efficiency decreased.

By adjusting the fuel distribution to the mass-flow profile that
resulted from the lnstallation of the stralghtening vanes and vortex
generators, the loss in combustion efficlency was overcome. The pesk
value at 50,000 feet altitude was approximstely 82 percent at a fuel-
air ratio of 0.037 &nd was about 70 percent at a fuel-air rastio of 0.086.
The combustion efficiency, the exhsust-gas tempersture, and the aug-
mented net thrust ratio were higher at higher fuel-air ratios, while net
thrust specific fuel consumption was lower for the modified fuel distri-
bution. The final fuel distribution was achieved both with spray bars

having equally spaced various-dismeter holes and uniorifice spray bars
having variously spaced equel-diameter holes.

Afterburner shell temperatures were reduced approximately 100° R
by the installation of the straightening vanes and vortex generators
for an exhasust-gas temperature of 3100° R at 30,000 feet altitude. An
additional reduction of 100° R in shell temperature was achieved by the
installation of a ceramic-coated corrugated liner. The liner was used
for approximetely 33 hours of afterburner operation with no noticeable
deterioration or change in appearance.

Except at the lean limit of combustlion, no oscilletory combustion
was encountered during thils investigation, which covered burner pressurss
up to 2950 pounds per square foot with fuel-air ratios up to 0.04.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronasutics
Cleveland, Ohlo, May 18, 1953
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APPENDIX - CALCULATIONS
Symbols
The following symbols are used In thls report:
cross-gectional area, sq ft

velocity coefficlent, ratio of actual Jet velocity to effec-
tive Jet veloclty

Jet thrust, 1b
calculated nonafterburning Jet thrust, 1b
net thrust, 1b
calculated nonafterburning net thrust, b

fuel-alr ratio
acceleration due to gravity, 32.2 :E"b/sec2
enthalpy, Btu/lb

lower heating value of fuel, Btu/1b

Mach number
total pressure, 1b/sq £t abs

total pressure at exhasust-nozzle survey statlon In standard
engine tail pipe, 1b/sq £t abs

static pressure, 1b/sq £t abs
gas constant, 53.4 ft-1b/(1b)(°R)
total temperature, °R

velocity, ft/sec

effective velocity, ft/sec

alr flow, 1b/sec

o —

2937
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Wa,c compressor leskage alr Flow, lb/sec

We fuel flow, 1b/hr

Wf/En specific fuel consumption based on total fuel flow and net
thrust, (1b/hr)/1b thrust

Vg gas flow, 1b/sec

7 ratlo of speclfic heats for gases

| combustion efficlency

Subscripts:

& alr

ab afterburner

e engine

i fuel

g gas

m maximum exhaust-nozzle area

n exhaust-nozzle outlet, vena contracta

nc nozzle cooling

8 labyrinth seal

T total

te turbine cooling

tp turbine pump

0 free-stream condltions

1l engline inlet

3 compressor outlet at engine combustor inlet

5 turbine outlet or tail-pipe diffuser inlet
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9 exhaust-nozzle inlet

10 exhaust-nozzle outlet

Methods of Celculations

Flight Mach number and airspeed. - Flight Mach number and equiva-
lent airspeed were calculated from engine-inlet total preasure and tem-
perature and free-stream static pressure with complete total-pressure
ram recovery assumed:

71-1

71

P

Mo = -___2-1 (_J;) -1
71 Po

and

71'1

Pg 71
Mo {718RTy |50

Vo

Alr flow. ~ Alr flow was determined from pressure and temperature
measurements obtained in the engine-inlet annulus by the following
equatlon:

71-1 71~

y
W -0.98p-A 2718 P\ Py 1
w0 oo | () - (3

where the 0.98 accounts for the 0.02 leakege between measuring station
and compressor Inlet. Air flow at the compressor outlet (station 3)
wasg obtalned by deducting the compressor leakage, turbine and nozzle
cooling-alr flows, and compressor bleed air used to drive the turbine

fuel pump:
We,3 =Wa,l - Wa,o - Wa,tc -~ Wa,nc = Wa tp
Gag_flow. - Afterburner gas flow 1s

We o + We ap
—— 2 9
Wg,9 = Wa 3 + 2600 + Wa,te

2937
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Fuel-alr ratlo. - The englne fuel-alr ratio is glven by the follow-
ing equation:

7 Wf,e
® = 2800 W

3600 Wé,3
The afterburner fuel-ailr ratio used herein lg defined as the welght
flow of fuel injected Into the afterburner plus the unburned engine fuel
divided by the weight flow of unburned air entering the afterburmer. By
combining air flow, engine fuel flow, afterburmer fuel flow, and englne
combustion efficlency, the following equation for afterburmer fuel-alr
ratlo 1s obtalned:

(1- ﬂe)Wf,e +‘wf,ab
_ Te¥r, e
0.0875

fab =
3600(Wg 3+Wg )

where 0.0675 1s the stolchlometric fuel-alr ratlo for the engine fuel.

The total fuel-alr ratio for the engline and afterburner 1is

We,o + We ab
= 2 =2
T = %800y 3 + Wa, o)

Englne combustor efficiency. - Engine combustor efflciency is the
ratio of the enthalpy rise through the engine divided by the product of
engine fuel flow and the lower heating value of the fuel:

_ (hy 5 - ha.,l) * £olo

i
© Tobo
Am + B
where A\ = =— —T (symbols of ref. 9).

Engine combustion efflclency was obbalned from & correlation of
the engine with a standard tall pipe. For this investigation Tz was

then obtained by solving the above equation for ha,5'

Afterburner combustion efficiency. - Afterburner combustion effi-

clency was obtained by dividing the enthalpy rise through the afterburner
by the product of the afterburner fuel flow and lower heatling value of

the fuel:

_ (hg,10 - ha,l) + Thig - Nefele
flap = Fh, - Nofobg

e Y

APHEDS
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Augmented thrust. - The Jet thrust of the comblned englne and
afterburner was determined from the thrust-system measurements by the
equation

F. = Fy + A (P - )+osol-ﬂ‘-’iv
J T fa gl - Po *°F\2 0.98g 'O

where Fy 1s equal to the thrust-system scale reading adjusted for the

presgure difference on the link connecting the thrust bed in the test
chamber and the measuring cell outslde the test chember, and the last

W
term 0.80 %'5_%§é V%) 1s the difference hetwesen the pressure forces

on the bellmouth and the momentum at the bellmouth outlet.

The augmented net thrust was obtalned by subtractling the free-
gtream momentum of the inlet slr from the Jet thrust:

L Y
n~"J) " 0.98g 'O
Wé 1
where the 6—35 is the air flow into the bellmouth.

Nonafterburning Jjet thrust. - The Jet thrust for the nonafterburning
englne was calculated for each afterburning point with measured turblne-
outlet total pressure, engine gas flow, calculated turbine-outlet total
temperature, and an assumed tall-pipe pressure drop. ZExperlmental data
from the nonafterburning engine Indicated that the total-pressure loss
through & standard teil pipe between statlons 5 and 9 was approximately
0.04 at rated englne speed, that 1s, Pg = 0.96P5. The nozzle veloclty

coefficient for the nonafterburning engine was assumed to be 0.99,
while that for the afterburning engine was assumed to be 0.97. The
jet thrust equation used was

— EEQ Vor
FJ =0y 8,5 g :;gRT

where (Vef/w/gRT) is an effective veloclty paremeter derived In
reference 10; and the nonburming net thrust was

W
- [ __E'J_]_'.
Ty = F} - Groeg "

Exhaust-gas total temperature. - The total temperature of the
exhaust gas was calculated from the Jet thrust and condltions exlsting

at the exhaust nozzle:

L T DENTT] AN
s

2957
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et gl f1 o1 ;
107 62 R | Vg, (_@_)
-~/&RT
Véf
where 1/§§T is the effective veloclity parameter.

Calculated jet thrust from generallzed Jet thrust. - It has been
shown (ref. 8) that the jJet thrust of a turbojet engine masy be related
to the nozzle-inlet total pressure, amblent statlc pressure, and area.
This relation 1s

This equation msy be represented by two plots as figures 17(a) and (b).

For an assumed flight condition of 40,000 feet altitude and a
flight Mach number of 0.6, the pressure values are found from table IT
as P9 = 1009 pounds per square foot and Py = 392 pounds per square

foot. Then

1.25Pg - pg = 1.25(1009) - 392 = 869.5 1b/sq ft

From figure 17(a), the Jet thrust for an open nozzle (A5, = 3.5 sq ),

which would require an afterburner fuel-air ratio of 0.0575, is 2730
pounds.

If an afterburner fuel-air of 0.040 is desired,

Ajg = 3.17 sq ft (from fig. 17(c))

and

A
10 _ 3.17

= = 0.906
Eom  3-50

With the area ratio, the thrust correction ratlo may be found from
figure 17(b) to be

FJ/FJ,m = 0.912
Therefore, the Jet thrust for this fuel-alr ratio is

Fy = Fj,m (FJ/FJ,m) = 2790(0.912) = 2544 1%
W

P
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TABLE, I. - MODIFICATIONS INCORPORATED

lee2 ' 1

STRAGA

onfiguration

Number of
Tuel-spray
bara

Orifices
per
spray bar

Mixing
length,
m »

Spray-bar
location
(fig. 2(a))

Fuel
distri-
butlon

(fig. 5)|

Modiflcations

19

26

(a)

Mannfacturer's original con-
flguration

of

20

22

(b)

Fuel dilstribution equivelent +td
to configuration A; turbine-;
';—B—l;.;é —a.nd vortex gemerators
added

20

10

2z

(b)

Ceramlo-coated corrugated
liner added to conflgura-

tion B

20

18

a2z

Modified fuwel distribution;
other -variables same as
conflguration C; final
conflguration

&

)
<

=
o2}

[\
N

Unlorifice spray bar with dis-
tribution of configuration D;
other varilebles same as con-
flguration C

19

10

26

Fuel distribution away from
shell; no turbine-ocutlet
stralghtening vanes, vortex

generators, or comted

Liner

OTLIZSH WY VOV
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TABLE IT, - ALTITUDE
Altitude, |Flight |Pree-stream|Engine- (Engine-|Turbine- |Turbine-|Manufac-] Engine- | Engine{ Afterburnar |Total fuel-]|Afterburnsr
't Mach statio inlet inlet outlst outlet {turer's inlet fusl fuel flow, | air ratio,| fuel-air
number,| pressure, total total total total turbine-| air flow,| flow, Ye ab? r ratio,
Po» pressure, | temper-| pressure,|tenpera-| outlet .o 1’ L7 11’1 t‘b
1b Pl’ ature, Pg, ture, |sontrol 8, : —_—
—_— 1b Ty s 1 T, teupera-| 1o b hr
sq £t abs oR oR ture, s hr
Bq ft abs 8q [t abs TS .
- »
°r
Criginal
15,000 0.589 1210 1530 547 2978 1778 1755 72.80 4493 7040 0.0452 0.0374
+6Q0 1197 1528 548 2988 1783 1746 72.12 4463 5992 0412 .0321
.800 il98 1528 546 2981 1781 1760 72,76 4802 £387 .0386 0286
591 1207 1628 650 2976 1772 1745 T2.24 4420 4872 .0358 .0249
.599 1189 1527 548 2961 1771 1750 72.08 4434 4011 .0333 Gell
30,000 0.367 838 700 425 1614 1803 1770 58.89 2690 5303 0.05683 0.0248
.581 631 897 425 1608 1803 1770 38.98 2688 4391 L0217 0483
.583 833 700 425 1611 1803 1770 59.04 2688 3629 +C480 0574
+351 840 697 427 1580 1793 1770 38,78 2650 2980 0413 .0308
383 630 697 427 1608 1798 1765 38.82 2872 2408 0372 ,0230
.381 631 897 426 1604 1804 1770 38,91 2660 1974 0340 0208
30,000 0.588 832 797 441 1807 1784 1765 43.60 2863 4893 0.0498 0.0430
575 840 801 441 1803 1779 1760 43.76 2954 4311 0472 .038
578 638 796 441 1798 1785 1760 43.€1 2954 3821 20443 035
.585 638 800 433 823 1778 1760 44.00 2993 3380 0412 .0308
584 628 798 440 1785 1784 1768 43.585 295 2888 10381 0268
.584 833 797 441 1799 1779 17680 43.38 2957 2330 054t .02l
30,000 0.913 830 g72 471 2124 1766 1780 $1.15 3314 5885 0.0438 0.0435
.783 6833 259 488 2074 1771 1760 50.81 3297 4874 0459 0379
.798 830 958 487 2082 1777 1750 50,71 3315 4112 0416 .0518
.792 634 959 468 2080 1769 1750 50.79 3316 3351 .0573 0260
.788 857 259 466 2072 1778 1745 50.57 35156 2609 0533 0204
~.802 630 862 488 2093 1769 1745 50.84 3320 2194 .0308 0171
30,000 0.988 639 1188 487 2624 1789 1780 80.21 3949 4571 0.0402 0,0300
.8835 633 1188 496 2523 17786 1770 80.7! 3948 4371 .0388 .0288
.993 635 1188 497 2556 1807 1785 €0.44 49013 4052 .0379 0288
.998 631 1188 494 2544 1779 1775 60.85 3978 3669 .0357 .0238
.995 852 1188 494 2848 1793 1775 60.80 3988 3304 0542 0216
.992 634 1188 494 2538 1786 1778 €0. 3968 2807 .0318 0184
40,000 0.57¢ 401 503 425 1149 1831 1780 27.77 1960 LATS 0.068G 0.08¢:
. .881 397 499 425 1164 1851 1780 27.87 19852 3765 0589 JOEL3
581 387 498 425 1154 1808 1776 28.10 1945 3204 .0529 0470 -
570 398 496 425 1144 1831 1780 27.53 1946 2754 0484 404
.587 393 495 425 1150 18351 1780 27.47 194E 2512 044l 0343
570" 395 493 426 11359 1844 1780 27.38 1982 1941 +0406 .0292
.569 595 492 425 1143 1837 1780 27.38 1945 1538 .03588 0239
50,000 0.543 239 318 436 710 1838 1770 18.67 1218 2807 0.0678 0.0679
.828 242 318 433 710 1822 1770 17.13 1221 2610 .0819 0822
73] 239 316 430 711 122 1765 17.24 1226 2261 .0578 .0538
.630 239 312 419 124 1818 1770 17.38 1240 1901 .0516 JO4£7
609 243 512 421 720 1828 1765 17. 1243 1672 0482 0401
Configuretion B, straightening ™
30,000 0.808 822 798 442 1727 1743 1765 43,64 2824 7040 0.0644 0.0633
+605 623 798 441 1725 1741 1765 45.77 2824 8078 +0530 0544
609 824 801 442 1730 1749 1780 43.69 2842 5240 .0527 0472
.805 823 797 442 1720 1743 1760 45.57 28 4494 .0478 04086
.801, 825 798 442 1720 1749 1760 45.62 20353 3362 0405 0304
40,000 0,611 385 495 423 1087 1758 1770 21.66 1840 4113 0.0814 0.0590
614 384 485 422 1085 1781 1765 27.72 1848 5248 .0524 0466
.612 385 495 421 1088 1783 1770 27.83 1849 2548 0430 0336
.608 386 495 421 1094 1758 1765 27.83 1886 1816 .0376 .0261
50,000 0.842 2355 310 425 665 17486 1778 17.21 1l8l 2229 0.05682 0.0518
<643 238 310 4«24 866 1766 1778 17.19 1178 1820 0487 0428
1642 235 510 425 866 1751 1775 17.24 1185 1380 0418 ,03521
+8553 235 313 424 873 1754 1775 17.2¢9 1171 1075 L0371 0255
Configuration C,
18,000 0,811 1186 1825 543 2890 1778 1770 72.6% 4492 8200 0.0499 0,0438
.608 11s8 1822 544 2888 1760 1785 72.71 4425 7370 0462 .0390 -
.810 1188 1528 544 2898 1753 1765 72.85 4415 6520 <0428 0344
.809 1188 2% 548 2897 17565 1765 72.81 4388 5695 0395 03501
810 1183 1520 546 2055 1755 1765 72.51 4369 4815 +0361 0256
«816 1174 1516 547 2848 1740 1755 72.09 4302 3940 0326 .0210
610 1182 1519 547 2856 1744 1780 72.19 43511 5116 10283 0166
.808 i 1184 18519 549 2872 1758 1755 TL.62 4320 2646 0277 L0143
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PERFORMANCE DATA

t t- t-|AfterburnerfAugrented [Augnented] Net | Augmented| Net thrust |Engine [Afterburner |Maximum-|Afterburner
noxrle- |nozzle- | norzle |tedperature Jet _Jet thrust | net spscific |ocmbus-|ccmbustion | after- | pressure-
inlet total area, r;;;o, thrust, thrust For thz;ilst. fuel ggn- ;}?1 atf;.,cioncy, b:.nﬁr 12:3
total temper- AlO' ‘!1 s PJ, ratio, 1b ratlo, sumption, |s el- ab she. ratio,
prosaures ‘.f;‘;"' 8q 0t 1 P/ Fo/FL (e, e*¥r ab) el vempera~| FyFy
9’ 10%c e )
b __| °r Pn R X
Bq It abe
Configuration A
2670 3131 5.04 1.763 6248 1.297 4778 1.427 2.412 0.980 0.883 - 1880
2684 5000 2.92 1.683 6108 1.282 4817 1.379 2.264 +990 .918 1910
2678 2880 2.89 1.617 6013 1.235 4514 1.539 2.191 .530 918 1871
2688 2735 2.82 1.543 5787 1.206 4314 1.297 2.109 -980 -.907 1800
2677 2574 2.72 1.453 5591 1.167 4104 l.242 2.058 .980 .886 173
1427 3562 3.22 1.865 3552 1.341 3110 1.409 2.570 0.990 0.764 2022
1428 5274 3.10 1.816 1.517 3041 1.384 2.328 .§%0 847 1831
1435 5138 2.98 1.738 5417 l.284 2955 1.344 2.138 -980 .912 180%
1418 2982 2.92 1.863 5249 l.248 2826 1.296 1.992 «980 .961 1729
1444 2670 2.79 1.485 3123 1.181 2663 1.219 1,908 .980 85T 1882
1443 2538 2.689 1.407 3037 1.144 2578 1.174 1.805 «990 874 1549
1610 3237 5.07 1.814 4130 1.326 3341 1.438 2.292 0.980 0.874 1954
1606 3182 5.01 1.777 4057 1.307 3278 1.410 2.218 +.9%0 .889 1830
1609 3030 2.99 1.697 3948 1.276 3169 1.369 2.138 +980 .885 1792
16385 2099 2.92 1.830 3918 1.248 1.3351 2.035 930 .896 1
1613 2781 2.82 1.548 3772 1.213 2374 1.287 1.964 .990 897 1750
1622 2544 2.68 1.430 3587 1.183 1.219 1.878 .890 847 1663
1894 3248 5.10 1.837 5187 1.345 5896 1.519 2.302 0.990 0.862 2101
1858 3089 5.01 1.744 4935 1.305 3690 1.454 2.214 980 .868 1892
1870 2923 2.95 1.645 4801 1.260 3557 1.591 2.088 930 864 1770
1873 2701 2,82 1.527 4601 L.2l2 3354 1.318 1.887 930 .862 1714
1872 2430 2.69 1.402 4370 1.186 3134 1.252 1.e80 930 +831 1L.8L
1800 2368 2.58 1.539 4311 1.130 3080 1.19¢ 1.808 «930 .822 40
2277 2758 2.82 1.653 6087 1.273 4254 1.444 2.003 0.980 0.948 1826
2275 2865 2.79 1.613 8050 1.28% 4178 1.417 l.8981 «.890 - 1888
2316 2837 2.75 1.570 8018 1.239 4155 1.387 1.941 «980 .938 1887
2302 2708 2.69 1.521 5889 1.215 4016 1.551 1.905 .930 820 1817
2307 2639 2.65 1.472 §791 1.195 3927 1.516 1.856 +980 .928 1756
2508 2460 2.56 1.377 5569 1.153 3709 1. 1.828 «930 .854 1720
1001 3472 3.55 1.886 2738 1.363 2249 480 2.880 0.987 0.5699 15995
1014 3308 35.22 1.806 2689 1.327 2 1.431 2.622 .987 T2 1910
1019 5183 3.10 1.752 2644 . 2148 1.59¢9 2.434 .987 .760 1870
1017 5101 5.04 1.684 2545 1.275 1.361 2,263 .587 +820 1792
1018 3018 2.95 1.648 25190 1.252 2021 1.353 2.108 987 .887 1745
1015 2861 2.85 1.882 2408 1.211 1934 L.277 2.013 .987 .887 1678
1021 2. 1.415 2298 1.154 1824 1.202 1.810 .987 -800 1688
612 3496 5.35 1.s02 1687 1.364 13564 1,497 2.948 0.967 0.584 1817
812 3411 5.31 1.872 1880 1.347 1352 1.471 2.8354 ~967 727 1820
815 3383 3.22 1.857 1684 1.538 1348 1.480 2.585 .568 .780 1781
§32 5lid 5.10 1.729 1644 1.287 1316 1.387 2.507 .988 778 1717
631 5104 3.04 1.700 1607 1.271 1289 1.363 2.261 .968 .82% le€8
vanes and vortex gensretors added
1583 5380 3.28 1.928 4275 1.411 3456 1.563 2.854 0,930 0.879 1769 0.0776
1801 3270 3.18 1.878 4203 1.386 3588 1.527 2.629 .930 728 1718 0718
1611 3220 5.12 1.841 4152 1,568 3330 1.503 2.427 .990 +785 1718 0688
1608 3152 5.08 1.6808 4073 1.348 3289 1.477 2,245 +990 .866 1702 0863
1818 2880 2.95 1,647 3867 1.27¢ 3056 1.3681 2.027 .990 904 1609 +060¢:
1002 3210 3.25 1.829 2656 1.3568 2148 1.600 2.774 0.987 0.8C4 1881 ©.0782
1008 5200 3.17 1.817 2638 1.354 2125 1.481 2.399 .9687 +796 1680 0737
1013 2988 3.03 1.6835 2530 1.297 2017 1.403 2.081 .987 894 1699 +06E4
1026 2669 2.87 1.517 2395 1.223 1885 1,301 1.948 .986 -848 1629 .0622
807 3108 3.24 1.780 1611 1.536 1278 1.464 2.853 0.964 0.881 1800 0.0868
611 2988 5.12 1.692 1572 1.287 1238 1.410 2.418 .968 <730 1600 .0804
815 2613 2,97 1.492 1486 1.211 1152 1.280 2.22% +963 66 T4 L0754
627 2571 2.82 1.466 1450 1.197 1120 1.273 2.005 .966 776 1539 0692
straightening venes and liner
2691 3228 5.12 1.816 6454 1.350 4936 1.512 2.571 0.930 0.825 81 0.0689
2855 3106 3.08 1.785 8524 1.327 4810 1.480 2.452 .930 843 1553 0868
2711 3008 2.97 1.716 6226 1.3086 4705 1.449 2.32¢ -850 -873 155 0645
2717 2887 2.91 1l.654 6065 1.271 4541 1.399 2.220 .990 878 1540 .0621
2674 2738 2.82 1.558 5851 1.236 4513 1.348 2.129 »990 .898 1519 0634
2677 2570 2.70 1.474 5626 1.200 4102 1.296 2.009 .380 902 1516 0594
2699 2322 2.58 1.531 5338 1.138 3826 1.204 1.941 .990 730 1494 05!
2722 2153 2,48 1.225 5107 1.091 3809 1.133 1.9. .930 633 1430 #0822




TABLE ITs -~ Concluded.
Altitude,|Flight | Free-stream|Engins- Englne-|Turbiane- |Turbine-|Manufac-|Engine- Engins|Afterburner{Total fusl-|Afterburner
e Mach statio inlet inlet outlet outlet |turer's inlet fuel fuel flow,| alr ratio, fuel-air
number,| pressure, total total total total turbine-|air flow,] flow, WP ab? T ratio,
My po, pressurs, | temper-{ pressurse,| tenpera~| outlst Va1t LI 1' L b
-3 aturs, ar turse, |sontrol ’ 4 1b &
1ib 1 - 1ib 1b
—_— 1b T1» ib Tgs tempera-{ —— == hr
sq £t abse turs, 880 he
- 3q rt abs| °R  [5g £t avs| R T o
’
°R
Configuration C,
30,000 | 0.604 799 44l 1723 1751 1765 43.82 2833 7778 0.0693 0.0689
608 795 443 1711 1750 1765 43.49 2833 6427 0807 0582
604 798 442 1721 1749 1768 43.69 2833 5137 .0820 0483
.608 802 4l 1721 -1742 1765 43.81 2833 3987 <0442 0555
.61 788 439 1724 1746 1765 45.73 2880 2879 0373 02
«616- 802 445 1703 1739 1765 43.74 2807 1797 . 0165
40,000 0,800 388 494 422 1093 1788 1765 27.79 8658 4431 0.0644 0.0632
.598 348 494 422 1094 1768 1768 271,77 1885 3784 0580 <0843
.597 390 4397 426 1091 17686 1770 27.61 1848 3006 +0500 0433
.608 387 498 429 1084 1787 1765 27.80 1832 2513 0430 .0338
819 384 497 424 1093 1770 1765 27.7% 1857 1607 .0558 0233
.612 387 498 421 1104 1767 1785 27.97 1872 1068 0300 +O1lES
50,000 0,805 239 308 428 872 1801 1765 17.05 1197 284¢L 0.0844 2.0631
.598 238 302 424 859 1792 1765 17.07 1192 2227 0572 .0G31
.61 238 304 427 8383 1758 1765 16.74 1142 1790 .05C0 JO0433
.6808 241 308 423 868 1808 176% 17.08 1207 1297 0419 0514
.829 234 308 423 869 1806 1760 17.07 1202 869 0313 .0167
Configuration D, modifisd fuel) distribution
15,000 0.614 1185 1527 539 2887 1757 1780 73.39 4387 8021 0.0482 0.0418
.613 1188 1532 B33 2847 1738 1780 T4.14 4484 5800 .0598 0301
- .8l4 1187 1531 537 2920 1741 1780 75.67 4434 4612 +0350 40241
30,000 0.398 634 707 427 1548 1749 1770 59.3%5 2580 5614 0.0594 0.0563
<3594 532 704 426 536 1742 1760 39.24 2582 4193 L0401 J0422
<404 626 700 425 528 1748 1760 39.05 2563 3035 0409 40308
.4l2 626 704 423 1554 1740 1758 39,39 2580 1980 .0330 +0200
30,000 0.610 624 802 438 1740 1748 1765 44.18 2876 8317 0.0593 0.0563
.808 628 805 4368 1734 1738 1760 44,39 2876 5281 .0622 10466
«81C 824 802 4 1709 1745 1755 43.65 2816 4213 0459 0379
- 802 6256 798 445 1712 1752 178S 43.50 2633 5025 0384 0278
.803 630 806 445 1723 1746 1755 43,80 2833 2028 03534 0207
50,000 0,808 825 961 483 2027 1764 17710 81.21 3287 7706 0.06812 0.0589
8l4 625 988 460 2031 1739 1760 51.70 3287 5908 .0507 0446
804 626 959 472 1995 1749 1765 50.48 35208 4795 .0452 0372
.800 852 962 458 2039 1742 1760 51.66 3297 3765 .0350 0288
819 620 962 455 2042 1748 17680 51.80 3324 7 034 .0229
40,000 0.600 391 498 415 1104 1768 17685 28.23 leea 4094 0.0804 0.0577
.586 393 499 416 1103 1749 1765 28.30 1880 3814 0543 0493
584 394 489 423 1098 1748 1765 28.07 1858 2844 0477 0402
.600 394 S02 423 1087 1758 1765 26.04 1856 128 0408 0503
592 393 488 422 1098 1761 1770 « 1865 1502 L0343 L0215
50,000 0.85%8 255 318 420 879 1752 1775 17.55 1180 2683 0.0827 0.0608
.838 237 311 419 878 1770 1772 17.34 1190 2805 .0608 .0583
619 239 310 418 678 1776 1768 17.2% 1190 2194 0580 081
.8S3 238 312 417 6872 1747 1770 17.48 1182 1874 0499 0433
.638 234 308 417 872 1788 1765 17.32 1180 1513 0448 L0386
.837 236 309 418 658 1769 1775 17.33 1190 1229 .03598 .0290
Configuration R, modified fuel
40,000 0.589 396 500 421 1092 1748 1780 28.07 1828 5948 0.0588 0,0553
-810 389 BOO 423 1088 1742 1745 28.19 1817 3880 L0557 L0814
.801 394 5035 423 1087 1742 1745 28.15 l82s 3564 .0528 .0470
587 403 501 423 1092 1742 1745 29.12 1825 3188 .0508 09486
573 401 501 422 1091 1741 1745 28.24 1825 2778 L0465 0387
S84 397 500 423 1080 1742 1745 28.15 1828 2285 0418 0320
50,000 0.632 237 310 432 859 1783 1770 17.08 1171 27117 0.0649 0.0638
8235 243 316 431 866 1760 1760 17.37 1151 2275 0586 +0526
626 236 307 433 680 17113 1770 16.90 1142 2030 0535 0482
524 236 307 432 681 1784 1768 16.98 1157 1488 044) ,0352
Configuration M, original with
30,000 0.582 834 804 3 1785 1763 760 43.87 2878 £495
680 631 798 441 1789 1774 1755 43.44 2876 56565
691 6352 800 440 1770 1780 1760 43.87 2811 4958
592 628 796 445 1787 1778 1758 43.23 2888 4511
+590 833 801 438 1774 1771 1755 45.74 2811 3228
580 638 804 438 1778 1778 1755 43.92 2928 2243
40,000 0.580 398 500 417 1149 1812 1780 28.07 1980 4073
.593 394 500 415 1149 1810 1780 28.08 1860 5478
.684 594 498 414 1140 1797 1770 28.01 1936 2934
.593 391 486 426 1139 1801 1780 27.57 18986 2408
.538 391 495 423 1130 1816 1775 27.37 1903 1801
.580 395 500 414 1151 1803 1775 28.10 1968 1466
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E t- |E Exh Afterburner|Augmented| Augmented| Net |[Augmented| Net thrust |Engine |Afterburner{Maximum- |[Afterburner
nozzle- nozzle- nozzle |tempersture Jet Jet thrust, net specific ocmbusy|combustion | after- | pressure-
inlet tctal area, ratlo, thrust, thrust Pn' thrust fuel cou- tion effieiency,| bumer loas
totel tacpera—{ Ayn, TIO/IS ’; » ratiao, b ratio, sumption, |effici. RN shell ratio,
preasurs,| turse, 5q £t 1 P J/P H 1‘,../1",'.l (We oty ab)| enoy, tempera- | Pg-Pg
Pgs Ti0° - ‘-—‘—-"—~? Ny ture, -
_I» | °n @ = 5
5q It abs A
straightening venss and liner
1£79 3271 5.351 1.868 4208 1.390 3393 1,855 3.126 0.95C 0.589 1584 ©.0836
1£71 3308 3.29 1.890 4185 1.388 3370 1.53L 2.748 +930 704 1598 . .0818
1684 3199 5.19 1.829 4103 1.554 5288 1.484 2.424 930 .798 1588 0756
1£87 3048 3.07 1.750 3996 1.318 3173 1.436 2.140 .930 904 1559 0721
1615 2785 2.89 1,594 3809 1.252 2987 1.345 1.818 -990 .855 1540 0644
1610 2529 2.58 1.539 3446 1.143 2612 1.188 1.763 880 -1 1489 0546 1
997 3170 3.30 1,793 2654 1.353 2150 1.475 2.928 0.987 0.600 1630 c.0882
1001 3188 3.24 1.802 26837 1.349 2135 1.469 2.646 .587 .689 15¢2 0850
1000 3107 3.19 1.759 2564 1.322 2084 1.434 2.552 «987 783 1610 .0838
1000 2976 3.03 1.884 2484 1.286 1975 . 389 2.09% 986 .898 1600 077
1019 2652 2.82 1.498 2572 1.210 1as3 1.286 1.869 .987 920 1491 0677
1038 2238 2.62 1.550 2193 1.108 1877 1.148 1.753 .586 727 14680 .0588
808 3.31 1.6680 1573 1.301 1260 1.408 5.048 0.967 0.535 1559 0.0852
596 22 5.26 1.686 1554 1.294 1245 1.396 2,746 966 +617 1600 0966
596 2925 35.15 1.664 1491 1.280 118l 1.38L 2.483 -9683 .687 1610 .0913
613 26868 2,96 1.487 1452 1.202 1139 1.273 2.198 967 .707 1489 .0816
820 2129 2.65 1.179 1297 1.062 875 1.085 1.923 .967 486 1481 .0738
with straightsning vanes and liner
2662 3408 5.19 1.962 6662 1.392 5127 1.577 2.420 0.890 0.574 1612 0.0811
2750 2957 2.95 1.701 6301 1.28¢ 4761 1.431 2.156 +850 954 1582 0868
2735 2728 2.82 1.567 5886 l.241 4446 1.353 2.035 .990 <948 1869 0634
1409 3557 3.50 2,054 3669 l.424 3185 1.522 2.572 0.920 0.841 1819 0.0886
1414 3238 J.22 1.859 3470 1. 2981 1.437 2.259 .990 893 1570 0794
1421 2516 3.01 1.6€8 3273 1.279 2785 1.545 2.010 «920 .927 1535 .0700
1464 2368 2.69 1.339 2994 1.153 2494 1.189 1.828 .930 741 1489 0579
1591 3548 35.50 2.032 4415 1.454 3587 1.594 2,563 0.990 0.856 1739 0.0856
1594 33 3.51 1.831 4274 1.391 447 1.558 2.361 «990 .882 1587 0807
1585 3142 35.13 1.801 4038 1.340 3212 1.467 2.188 +890 y:28 3 1560 0726
1602 2828 2.92 1.614 5798 1.261 2987 1.357 1.961 .990 <943 1519 0643
1625 2456 2.72 1.407 3553 1.174 2734 ~25 1.778 «890 .808 1490 .0568
1880 3E86 5.50 2,053 5474 1,447 4198 1.67% 2.618 0.990 0.807 1772 0.0824
1875 3346 3.22 1.924 5312 1.388 4019 1.599 2.290 +930 304 1590 .0768
lesf4 51268 5.10 1.788 4953 1.543 3689 1.522 2.169 .980 <914 1549 .0707
1910 2870 2.92 1.648 4860 1.27% 3596 1.419 1.864 .980 <947 1529 .0833
1921 2614 2.75 1.495 4889 1.216 5378 1.325 1.875 .930 .801 .0583
1003 5407 5.50 1.841 2773 1.400 2266 1.537 2.640 0.987 0.760 1738 0.0915
1007 3306 5.29 1.890 2722 1.3575 2216 1.503 2.434 .987 +817 1580 .0870
1005 3080 5.18 1.761 2583 1.521 2078 1.433 2.262 .987 835 1580 .08
1015 2835 2.98 1.615 2461 1.258 1982 1.348 2.041 9687 .878 1528 0748
1027 2393 2.75 1,359 1.151 1754 1.202 1.920 .987 .709 1483 0847
611 3384 5.46 1.932 1729 1.384 1383 1.547 2,786 0.967 0.714 1609 0.1002
g12 5339 5.37 l.6a6 16890 1.376 1359 1.518 2.719 «967 «T17 1600 0978
614 3229 3.28 1.818 1641 1.546 1 1.470 2.564 967 <743 1593 .0930
R13 3132 .16 1.793 1638 1.353 1298 1.460 2.354 .g9as5 814 1571 .0884
6§18 2814 2.98 1.592 1635 1.280 1208 1.357 2,243 .867 .758 1545 .0811
818 2694 2.89 1.523 1493 1.220 1162 1.301 2.082 .967 .788 1513 JO745
distribution with unicrifice asprey bar
882 5465 3.50 1.982 2749 1.411 2250 1.563 2,566 Q.985 0.815 ———— 0.0816
583 5308 3.22 1.899 2650 1.376 2173 1.511 2.530 965 781 —— .0940
988 3257 3.16 1.a70 2857 1.362 2148 1.490 2.418 .985 828 — 0911
994 3218 5.10 1.047 2814 1.582 2130 1,469 2.353 .985 845 ——— 0898
838 3092 3.01 1.778 2568 1.3522 2078 1.430 2.215 .985 878 — .0853
994 2807 2.89 1.869 2480 1.277 1g8e 1.378 2.074 «985 801 — 07396
598 3348 3.50 1.887 1657 1.375 13238 1.515 2.926 0.963 0.666 0.0858
8086 3228 5.17 1.834 1622 1.355 1294 1.489 2.646 .563 =753 +0!
601 3146 3.06 1.774 1578 1.329 1255 1.453 2.527 982 <743 0894
607 2912 2.89 1.832 4 1.268 1191 1.364 2.204 961 815 .0817
fus) distribution away from shell
1584 3362 5.28 1.907 4189 1.858 3389 1.802 2,765 0.990 0.720 1812 0.11398
1561 5387 5.28 1.809 4168 1.844 3374 1.494 2.528 .890 818 1949 1126
1576 3231 5.18 1.815 4080 1.791 3288 1.442 2.389 .990 .829 1910 +1086
1575 5206 5.04 1.803 3978 1.768 3182 l.412 2.256 .980 .913 1780 <1047
1583 2834 2.92 1.600 5799 1.664 3004 1.316 2.044 .990 +888 1722 .1020
1608 2522 2.72 1.418 3581 1.560 2783 1.212 1.858 880 -878 1 0961
1008 3325 3.a5 1.85¢4 2719 1.359 2221 1.450, 2.718 0.987 0.70L 1838 0.1227
1014 5280 3.19 1.812 2692 1.327 2193 1.4335 2.470 987 «781 1804 «1176
1002 3207 3.17 1.785 2631 1.308 2141 1.408 2.275 .987 +.863 1832 21211
1012 2970 2.98 1.649 2451 1.285 1995 1.340 2.157 .987 842 1718 .109%
1010 2179 2.89 1.530 2383 1.20§ 1894 1.273 2.008 .987 866 1661 .1062
1051 2418 2.75 1.341 2294 1.123 1798 1,163 1.909 .987 . 716 1610 .1043
NACA
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o
Station ﬂIT 1p 2}
. 1 I
™ o
- D LA
/
Exhaugt Jot
diffuser
ull-type pneumatic thrust cell
| i lexure-plate fulorum CD-2833

(b) Schematlo disgram of engine installation showing thrust-measuring
system and Instrumentation statliops.
Figure 1. ~ Concluled., Turbojet engine equipped with afterburner and installed In
altitude chambar, ,
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cD-3074
{a) Flame-holder and spray-bar locationa. - -
(b) Flame-holdar details,

Flgure 2, ~ Diogram of afterburnor showing locaticn of spray bars and flame holdaer,
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Afterturner
fuel inlet
o%b
o%
ﬁ7" ”"
Diffussr [ 22—t ST
shell. - r <
~ "_| All holes
0.020+0.0005" Bar 0.D. = L/4'
° ° Bar I.D. = 1/8'
23" 17“ 17" 17" 17" \—L i/-Afterburner
E* = TE -1‘ i’ AA i shell
I 7 " _
I 516

(a) Spray pattern and spray bar used in configuration A.

J'." I l“
I s I 2g
Diffuger A A11 holes A-A
™~ "—l 0.020:0.0005"
5 <) 4
29" 51.. + s1" 51" 55" ‘l 0.D. = 1/4"
32 j e . I.D. = 1/8"
. .

(b) Spray pattern and spray bar used in configurations B and C. .m

Figure 3. - Fuel-distribution patterns and spray-tar designs.
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Le6z

1w

[ 3 T
i = T 32 N
Diffuser ? 0.050" ‘_] Hols atss ?B . J%;g
ghell- " . . e =
~J 0-02? / 3 0.0225" Bpecci,fégg below APt ar-
é J g \ - ' turner
4 i I y shell
- e 23" 7" 17" 17" 17" 7" 17" 17"
' = o A-A
7"
(c) Spray pattern end spray tar used in con.f‘iguration D. )
" Orifice 0.073" dlem
s amaeaasrrsrrril
\\\\\\“\\\\\l\\\\\\\\\\\ -
k\\\\\\\\\\\\\\\\.\\\\'\\\\\\\
'IIIIIIIIIIIIIII’,
Diffuser z0" ol 2"
7 o
shell—| berd A %z 0.D. = 1/4"
’ | I.D. = 1/8" st
o=
7] 39 o ) @ burner
a ‘lu 18" 2; " ' 26" _.l‘ .-.3n lB"-.'Q P_‘.IAH holes-l 1 shell i
‘ l 2. ' 3 3 0.032" A-d
E 7u .
(2) Spray pattern and spray bar used in configuration E. W .
Flgure 3. - Continued. Fuel-distribution patterns and spray-ber designs.
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Afterburmer
fuel inlet

2937

1 " | =
Diffuser 0.D. = 1/a" 'l
shell—~ H "—I A1l holes I.D. = 1/8" After-
d ! 0.070+0,0005" hurner
ol ° 9 o 4 ) @ shell
HII —5" T _1£"+14 14" 11lﬂ ]
32 32 32 AR A-A '
[ A 7u .
[~ i—— >
I 16
(e) Spray pattern and spray bar used in confliguraticn F. W

Flgurs 3. - Concluded. Fuel-distributicn patteims and spray-bar designa.
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Mgure 4. - Turbine-cutlet gas-straightening vanes, vortex generators, and internal
manifolds for configurations B, C, D, and E, as viewed in downstream direction.
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Flgure 5. - Cermmic-cosbed
direction,

carrugated liner installed in afterburmer For coufigurations C, D,

and E, an viewved in upatream
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® static-pressure tube (wall or rake)
O Total-pressure tube
X  Thermocouple

NACA RM ES3¥10

(a) Engine inlet, station 1, 21 inches upstream of (b) Diffuser outlet, station 6, 3733 inches:
downstream of turbine-ocutlet 1 e .

leading edge of compressor-inlet guilde vanes.

'

(c¢) Afterburner outer shell, statlon 8, 79% inches
downstream of turblne-outlet flange.

Figure 8. - Instrumentation.

(d) Nozzle inlet, station 9, 3 inches
- downatream of turbine-outlet flange.
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-40

Configuration A Percent rated Configuration B
(without vanes) engine speed (with vanes)
[ ] 100 o
g85.2 {m]
(]
:-°\' —
© i
OO
— < = 8
\.\\. ;
Maximum engle of rotation
for rake

(&) Varying engine speed; altitude, 30,000 feet.

Configuration A Altitude, Configuratlon B
(without venes) g (with vanes)
A 20,000
. 30,000 o
40,000 Lol
50,000 ©
8 .
+—+ A/ _9
P — PaN
& g te) o]
8
i
EBN 5
— \.\ a
: &
2
‘. \.Maximmn angle of rotatlon B
8 for rake W
g I A
0 2 4 6 8 10

Passage depth, in.

(v) Varying altitude; 100-percent rated englne aspeed.

Figurs 7. - Effect of engine speed and altitude on turbine-outlet gas
whirl at £light Mach number of 0.6.
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W Pressure Configuration
Static Total
“]-—@—- —0— A (without vanes)
«—@—- —— B (with vanes) t
Qi
— g
1 Q
O .
3 ;
w
g 3
= 3 ,_,——O_—"-—- i
Q O A
; ot ot A
B !
P4 r ‘\J !
[}
~ o 1700 0 — R ~
B '.‘ T o i N \\.
0 . ¥ S AN
[ B | - - - i - - _
5 v -
E ' N
N A A A
P2t 1600 |
0 z 4 6 8 10

Passage depth, in.

Figure 8. - Effect of turblne-outlet straightening vanes and vortex generators
on diffuser-outlet total-pressure profile. Altltude, 30,000 feet; flight

fach number . 0.6,
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By - P,
Fy

Afterburner pressure-loss ratio,

.16

.12

.08

.12

.08

37

Configuration
o A gwithout vanes)
4 B (with vanes)
Net reduction pressure
loss due to vanes
__——-ﬁ_—_—
st — -’— -
o— T | _,,—NT’F
=TT Pressure loss through
= turbine-outlet venes
—-—-_
A__—/r“d
A4 T
///AK
a4—T
(a) Altitude, 50,000 feet.
Net reduction pressure
loss due to vanes
L O
= —=
) [ — [ =
,—-——'r N Pressure loss through
P Y bl turbine-cutlet vanes
| e = famnre
R s ﬁf—z/
/
/
]
/
o] .0L .02 .03 .04 .05 .0€ .07
Afterburner fuel-air ratio, f

eb
(b) Altitude, 30,000 feet.

Figure 9 -~ Effect of turbine-outlet gas-straightening vanes, vortex genmerators, and
corrugated liner on efterburpner pressure loss. Flight Mach number, 0.6.
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Conflguration  Average calculated turbine-
outlet gas temperature, o
O A (without vanes) 1825 &
A B (with vanes) 1754 ~
1.0
Altitude,
i
8 50,000 ¢
'GQS e} \O\
e S — —
. 2 2 k
Q
=]
ko) .6,
(>}
ot
Gy
Gy
2 1.2
k! Configuration Average calculated turbine- -
£ outlet gas temperature, °R
é O A (without vanes) 1782
8 4 B (with vanes) 1745 i
g 1.0
[}
g 30,000 _
g P>
8 | I
.8 A \\
S
pul T::?
\ A
.8 ] _
.02 .03 .04 .05 - .08 .07 -
Afterburner fuel-air ratlo; fgy : =
(a) Afterburner combustion efficiency (equivalent radial i .
fuel distribution). .
FPigure 10. - Effect of turbine-outlet stralghtening vanes and vortex gener-
ators. Flight Mach number, 0.6. ) - —
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Configuration Average oalculated turbine- Confignration Average caloulated turbine-
outlet gas temperature, R outlet gar temperature, °R
O A (without vanss) 1825 0 A (without venes) 1782
AR (with vanaa) 1754 AR [with vanaa) 1T7AS
s L M EULL YRR R S Eadihad et 13 1 LULLL VEMIUD ) o =
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rd
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/ i |4
7 Seantl
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> -
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§ )4
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/
/ /
Y /
f1.4 /
A / g
02 .03 .04 .08 06 D7 .02 .03 04 . OF 08 .07
Afterburner fuel-air ratic, fgy
{b) Exh=ust-gas total temperature {eguivalent radial fuel distribution)
10. - Continued, BEffect of turbilne-outlet etralghtening vanes apd vortex generatoras. Flight Mach

number, 0.0,
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1.4
-—-‘o
/
Altitude, /’A)
1.3 £t ,/,/
' 50,000 5
/
. 14
1.2 —
Configuration __ Average calculated turbine-
outlet gas temperature, °R
O A (without vanes) 1825
1.1, 4 B (with vanes) 1754
1.5
1.4 -

\

Augmented jet thrust ratio, FJ/Fj

B
o

$
A\

o
3

N
X

Configuration Average calculated turbine-
outlet gas temperasture, °R

C(/// O A (without vanes) 1782
4 B (with venes) 1745

1.1 ]
.02 .03 .. .04 .05 .08 .07
Afterburner fuel-alr ratio, fgy

(¢) Augmented Jet thrust ratio (equivalent radial fuel
distribution).

Figure 10. - Contlnued. ZEffect of turbine-outlet étraightening vanes and
vortex generators. Flight Mach number, 0.6. :
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Net thrust specific fuel consumption, Wf/F , (1b/hr)/(1t thrust)

2.5

2.3

1.9

[ab]
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Afterburner combustion efficiency, Nab
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Figure 11. - Effect of fuel distribution. Flight Mach number, 0.86.
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